Splenic leukocytes derived from N-and P-line chickens exposed to turkey herpesvirus (HVT-4), and from UCD-003 chickens exposed to the non-oncogenic SB-1 clone of Marek's disease virus were fractionated into subpopulations at various days post-exposure. The level of infection in these fractions was determined by enumeration of plaque-forming units after co-cultivation of leukocytes with virus-permissive chicken embryo fibroblasts. At 5 days post-exposure most HVT-4-infecte'd lymphocytes were found to be of intermediate to low buoyant density (1.040 to 1.065 g/ml) and not to have detectable Fc receptors. They possessed surface Ia but were not IgMbearing. At 15 days post-exposure HVT-4-infected lymphocytes were found to be of intermediate to high buoyant density (1-070 to 1-080 g/ml) and, at this time, virus isolation rates (p.f.u./106 cells) from fractions enriched in cells bearing Fc receptors were approximately equal to those leukocyte suspensions depleted of Fc receptorbearing cells. Furthermore, the percentage reduction in infectivity caused by depletion of Ia-bearing cells at 15 days post-exposure was less than that at 5 days post-exposure. At both 5 and 15 days post-exposure carbonyl iron treatment failed to remove HVT-4-infected lymphocytes. These characteristics were similar whether HVT-4-infected lymphocytes were derived from N-or P-line chickens. SB-l-infected lymphocytes derived from UCD-003 chickens at 6, 7 and 14 days post-exposure were detected with equal frequency in fractions enriched or depleted of cells possessing Fc receptors. SB-1-infected lymphocytes for the most part lacked surface Ia and IgM, and were not depleted by carbonyl iron treatment. From these data it was concluded that most HVT-4-and SB-l-infected lymphocytes detectable by virus isolation were neither B cells nor macrophages.
INTRODUCTION
Von Billow & Biggs (1975) and von Billow et al. (1975) divided Marek's disease virus (MDV) strains into two serological groups with turkey herpesvirus (HVT) constituting a third related type. Numerous reports from this laboratory (Smith & Calnek, 1974; Calnek et al., 1977; Calnek et al., 1979; Schat et al., 1981b) and other laboratories (Purchase et al., 1971 a; Biggs & Milne, 1972; Rispens et al., 1972; Cho, 1976; Witter et al., 1976) on MDV and HVT indicate that virus strains in serotype 1 are of variable oncogenicity for chickens with some strains causing a high incidence of lymphomas, other strains causing a high incidence of neural lesions and attenuated strains being apathogenic. In contrast, serotype 2 MDV and serotype 3 HVT are generally considered non-oncogenic. Vaccination of chickens with attenuated serotype 1 MDV (Churchill et al., 1969) , serotype 2 MDV (Schat & Calnek, 1978) or HVT (Purchase et al., 1971 b) has been shown to protect against virulent strains of MDV.
A recent study by Calnek et al. (1979) compared the pathogenesis in chickens of serotype 1 MDV, represented by the moderately oncogenic JM-10 clone (Calnek, 1973) and weakly oncogenic CU-2 clone (Smith & Calnek, 1974) , to MDV serotype 2 SB-1 (Schat & Calnek, 1978) and serotype 3 HVT-4 (FC126) (Witter et al., 1970) . They found that cytolytic infection of lymphoid cells, characterized by expression of virus internal antigens (VIA) and concomitant thymic and bursal atrophy, which occurred in chickens infected with JM-10 and CU-2 during the first week after virus exposure, was detected at low levels or was absent in birds infected with SB-1 or HVT. However, extensive infection of lymphoid cells was demonstrated by cocultivating SB-1-and HVT-infected leukocyte suspensions with permissive chicken embryo fibroblasts (CEF). A subsequent study (Calnek et al., 1980) showed that in ovo inoculation of SB-1 and HVT-4 at 8 days of embryogenesis markedly increases the expression of VIA in the bursa and thymus compared to that for chicks inoculated at 1 day of age or older. Furthermore, in ovo inoculation of SB-1 caused thymic and bursal atrophy and mortality due to secondary bacterial infections during the first week after hatching. Nevertheless, the level of VIA expression in the bursa and thymus of newly hatched chicks exposed in ovo to SB-I or HVT was much lower than that for embryos exposed to JM-10. These results suggested that the pathogenetic differences described above were not solely due to differences in the ability of chickens to immunologically control the spread of these virus strains. Rather, they imply that HVT-4 and SB-1 infect different subpopulations of lymphoid cells than those infected by JM-10, or that lymphocytes are less permissive for the HVT-4 and SB-1 virus strains.
Productive-restrictive cytolytic and non-productive (referred to as latent) infections of lymphoid cells by oncogenic strains of MDV (i.e. J M-10 and GA-5) have recently been shown to be associated with different lymphocyte subpopulations. Schat et al. (1981a) found that embryonal bursectomy abolished the cytolytic phase (3 to 6 days post-exposure) but not the latent phase (after 7 days post-exposure) of lymphoid infection by oncogenic MDV. Conversely, embryonal bursectomy did not alter the pathogenesis of SB-1. Subsequently gathered data on the level of infection of various lymphocyte subpopulations demonstrated that the vast majority of lymphocytes that became cytolytically infected in vivo (W. R. Shek et al., unpublished results) and in vitro (Calnek et al., 1982b) were B cells, while latently infected (W. R. Shek et al., unpublished results) and transformed lymphoblastoid cells (Schat et al., 1982) were mostly Iabearing non-B lymphocytes. Accordingly, the low levels of cytolytic infection in chickens exposed to HVT or SB-1 could be due to lower levels of B cell infection than those detected during cytolytic infection with oncogenic MDV. This is suggested by data presented in this report.
METHODS
Experimental birds and holding conditions. Three-week-old, P-line chickens (homozygous for the B 19 and C 2 alleles), N-line chickens (homozygous for the B 21 and C 2 alleles) and highly inbred UCD-003 chickens (homozygous for the B 17 haplotype and all other blood group antigens), were obtained from departmental flocks free from known pathogenic and avian viruses . They were held in wire-floored battery brooders in isolation.
Virus inocula and inoculation procedures. All virus inocula were passaged in CEF and stored at -196 °C. P-and N-line chickens were inoculated intra-abdominally with 1000 p.f.u, of the HVT-4 clone of FC-126 virus. UCD-003 birds were inoculated intra-abdominally with 500 p.f.u, of the non-oncogenic SB-1 clone of MDV.
Preparation andfractionation of spleen cells. The preparation and fractionation of spleen cells was described in detail elsewhere (Shek, 1982) . Spleen cells were collected aseptically at various times after virus exposure, forced through 60 Ixm mesh nylon bolting cloth (Tetco, Elmsford, N.Y., U.S.A.), and depleted of red blood cells and dead cells by centrifugation over Ficoll-Paque (Pharmacia). The resultant leukocyte suspensions were fractionated into subpopulations on the basis of various characteristics. Leukocytes were isopycnically separated by flotation in continuous PercoU (Pharmacia) gradients. Adherent cells were depleted with carbonyl iron powder (Sigma). Fc receptor-positive (FcP) and Fc receptor-negative (FcN) cells were separated by adherence of FcP cells to sheep red blood cell (SRBC) monolayers coated with chicken IgG anti-SRBC (Kedar et al., 1974) . B cells were separated from non-B cells by mixing staphylococcal protein A (Pharmacia)-coated SRBC with leukocytes pretreated with mouse monoclonal IgG(y2b) anti-chicken IgM (kindly provided by Dr Chen-Lo H. Chen) by a modification of the procedure of Parish et al. (1974) . The B cell rosettes which formed were separated from non-rosette cells by centrifugation over Ficoll-Paque. Cells bearing Ia-like antigen (referred to as Ia) were eliminated by lysis with mouse monoclonal-IgM (laK) anti-chicken Ia (kindly provided by Dr Chen-Lo H. Chen) and guinea-pig complement.
Virus isolation. Unfractionated and fractionated leukocytes were counted in a haemocytometer; CEF cultures in 35 mm Petri dishes were inoculated with 0.5 x 106 cells from SB-l-infected leukocyte suspensions and not more * The mean number of p.f.u, isolated from fractions 2 to 6 (density approx. 1.040 to 1.065 g/ml) when 5 × l0 s cells were assayed from each of the 10 fractions collected from the Percoll gradients. The total number of viable cells recovered in fractions 1 to 10 represented, on average, 76~ of the viable cells added to the gradients. Fractions 2 to 6 contained, on average, 46~ of the viable cells recovered from fractions 1 to 10. Neither the percentage of viable cells recovered nor the percentage of those cells found in fractions 2 to 6 was affected by the bird line or days post-exposure.
t Percentage of the total number of p.f.u., (no. of p.f.u, per 5 x 105 cells from fractions 2 to 6/no. of p.f.u, per 5 × 105 cells from fractions 1 to 10) x 100. Results are shown + standard error of the mean. Different superscripts indicate statistically significant differences between data within the column at P < 0.01. than 1-5 x l06 cells from HVT-infected leukocyte suspensions. Plaque-forming units were counted in SB-1 and HVT at 7 and 4 days respectively, after CEF inoculation. Table 1 were compared with the unpaired Student's t test. Wilcoxon's ranked sum "test was used to make statistical comparisons of data presented in Tables 2, 3 and 4.
Statistical analysis. Data in

RESULTS
The experiments presented in this study compared HVT-or SB-l-infected leukocyte subpopulations collected during the first week after virus exposure to those collected during the second week after virus exposure. Times were chosen to correspond as closely as possible to those used in similar experiments performed on leukocyte suspensions infected with oncogenic JM-10 MDV (W. R. Shek et al., unpublished results). However, levels of infection sufficient to yield interpretable results appeared 2 to 3 days later in HVT-and SB-l-infected spleens than in spleens infected with JM-10.
Also corresponding to the studies on JM-10, leukocyte subpopulations infected with HVT in genetically Marek's disease-resistant N-line birds were compared to those in susceptible P-line birds. In contrast, UCD-003 chickens provided the sole source of SB-l-infected leukocytes. This was because it was found (K. A. Schat, unpublished results) that virus isolation from SB-1-infected UCD-003 leukocytes was consistently much higher than that from N-and P-line leukocytes.
lsopycnic separation in Percoll gradients
Isopycnic separation of HVT-infected spleen leukocyte suspensions at 5 days post-exposure showed that virus isolation rates (i.e.p.f.u./5 x 105 cells/fraction) were higher from fractions 2 to 6 (density approx. 1-040 to 1-065 g/ml) than from fractions 7 to 10 (density approx. 1.070 to 1.080 g/ml). The opposite was true at 15 days post-exposure. As shown in Table 1 , the number of p.f.u, isolated from fractions 2 to 6 accounted for a larger percentage of the total number of p.f.u. isolated from Percoll gradients at 5 days post-exposure compared to those at 15 days postexposure (P < 0-01). Time post-exposure to virus did not alter significantly (P > 0-05) the distribution of SB-l-infected leukocytes, detected by virus isolation, in Percoll gradients (data not shown).
Subpopulation of HVT-and SB-l-infected spleen cells by carbonyl iron treatment and Fc receptor-dependent adherence to SRBC monolayers sensitized with chicken lgG anti-SRBC (EA)
At 5 days post-exposure virus isolation rates were higher from HVT-infected N-and P-line spleen cell fractions depleted of FcP cells than those from fractions enriched in these cells. The converse was true at 15 days post-exposure. At both 5 and 15 days post-exposure depletion of monocytes by carbonyl iron treatment enhanced virus isolation rates compared to those from untreated spleen cells. This enhancement was greater at 5 days post-exposure (Table 2) . :~ Two birds per pool. § Ratios are based on the number of p.f.u./10 6 ceils in the designated fractions. The numbers in parentheses denote the ranges. Different superscripts indicate statistically significant differences between ratios with columns at P < 0.05. SB-l-infected UCD-003 leukocytes were found with equal frequency in fractions enriched in FcP and FcN cells (Table 2 ). Interestingly, virus isolation rates for these fractions were often greater than those for unseparated (control) leukocyte suspensions eluted from SRBC monolayers treated with normal chicken serum instead of chicken anti-SRBC. Of the 20 samples that were fractionated, 13 FcP cell-enriched fractions had virus isolation rates that were 1-4 to 14 (median 2-7) times those of controls, and 17 FcN cell-enriched fractions had rates that were 1-3 to 24.0 (median 3.2) times those of controls. Similarly to results obtained with HVT, removal of cells by carbonyl iron treatment of SB-l-infected leukocyte suspensions enhanced virus isolation rates.
Enrichment and depletion of lgM-bearing B cells
The inability of carbonyl iron treatment to deplete SB-I and HVT-infected spleen cells suggested that these cells are lymphocytes rather than monocytes. Although these lymphocytes were further characterized on the basis of density and Fc receptor-dependent adherence to EA monolayers these techniques did not clearly define the subpopulation(s) of lymphocytes infected. Hence, cells were separated according to the presence or absence of surface IgM.
Almost all B cells in the spleen and peripheral blood of chickens have been shown to possess surface IgM (Ewert & Cooper, 1978; Ivanyi & Hudson, 1979) . Depletion of B cell rosettes by the procedure described in Methods has been shown to remove all IgM-bearing cells detectable by Depletion of IgM-bearing B cells from HVT-and SB-l-infected leukocyte suspensions did not significantly (P > 0.05) alter the number of p.f.u, isolated compared to that for suspensions not depleted of B cells (Table 3 ). In addition, rosette fractions enriched in B cells showed little or no increase in infectivity relative to that for rosette fractions not enriched in B cells with one exception. B cell-enriched fractions contained an average of 13 ~ of the infectivity found in SB- Table 3 . 
The effect of depletion of B cell rosettes on titus isolation from HVT-and SB-l-infected spleen cell suspensions
Elimination of la-bearing cells by complement-dependent cytolysis
Ia-like alloantigens (referred to as Ia) have been demonstrated on the surface of chicken monocytes, B cells and a small population of poorly characterized non-B mononuclear cells (Ewert & Cooper, 1978) . Cytolysis of Ia-bearing cells in HVT-infected, carbonyl iron-treated spleen cell suspensions at 5 days post-exposure markedly reduced the number of p.f.u, isolated (Table 4 ). The reduction in number of p.f.u, was 20~o larger in P-than in N-lines (P < 0-005). The percentage reduction of p.f.u, was significantly smaller (P < 0-005) at 15 days postexposure than at 5 days post-exposure. In accordance with 5 days post-exposure results, the percentage reduction of the number of p.f.u, at 15 days post-exposure for P-line samples was twice that for N-line samples at this time.
Although cytolysis of Ia-bearing cells did not significantly alter the number of p.f.u, isolated from SB-l-infected leukocyte suspensions at any of the times tested (Table 4) , reductions ranging from 24.2 to 41.2~ (median 33.3~) did occur in 5 of 6 samples tested at 14 days postexposure. The other sample tested at 14 days post-exposure had an increase in infectivity following cytolysis of Ia-bearing cells of 64.3~, and consequently the mean percentage reduction of p.f.u, at this time was not significant (P > 0-05). It is noteworthy that B cell rosetteenriched fractions derived from these same suspensions had considerable levels of infectivity (see Table 3~ DISCUSSION Calnek et al. (1977) speculated that variations in MDV pathogenicity could be due to target cell tropisms and the frequency of infection of cells susceptible to MDV-induced transformation. Data presented in this and previous studies (Calnek et al., a, 1982b relate pathogenetic differences between oncogenic MDV and non-oncogenic MDV and HVT to the level of infection of various lymphocyte subpopulations. The most clearly demonstrated difference was that during the first week after exposure of N-line, P-line and UCD-003 chickens to oncogenic JM-10, when cytolytic infection of B cells was easily detected (W. R. Shek et al., unpublished results), while during this same period data presented in this study show that virtually no B cell infection was detected by virus isolation from spleen cell suspensions derived from N-and P-line chickens exposed to HVT-4 or UCD-003 chickens exposed to SB-1 (Table 3) . This failure to detect infection of B cells in birds exposed to HVT-4 and SB-1 coincides with the detection of little or no cytolytic infection of lymphoid tissue (Schat & C alnek, 1978; Calnek et al., 1979; Fabricant et al., 1982) .
The principal reason why monocytes and B cells were considered not to be frequent targets of HVT-4 and SB-1 infection was because the infectivity of leukocyte suspensions was not significantly altered by carbonyl iron treatment or by depletion of IgM-bearing B cells (which account for almost all B cells in the peripheral blood and spleen). The apparent difference in the level of B cell infection caused by HVT-4 and SB-1 compared to that caused by oncogenic MDV (W. R. Shek et al., unpublished results) could be either an artefact of the cell separation and virus detection procedures, or due to immunological destruction of HVT-4-and SB-l-infected B cells, or a result of limited susceptibility of B cells to infection by these viruses. Data presented in this study do not definitively determine which of these possibilities is (are) correct.
Cell fractionation technique-induced changes in cell activity have been reported. Wardly et al. (1976) found that bovine lymphocytes passed through nylon wool in medium containing plasma or serum became cytotoxic for herpesvirus-infected kidney cells and autologous lymphocytes. Although heat-inactivated serum was used in this study (which did not induce cytotoxicity), a similar effect induced by other causes could significantly alter the number of p.f.u, isolated. An additional important technique-related consideration is the observation by Calnek et al. (1981 b) that virus isolation of MDV by co-cultivation of infected lymphocytes with permissive cell culture detects only a small percentage of infected cells. Calnek et al. (1982a) found that the virus isolation rates from HVT-1-and SB-l-infected leukocyte suspensions decreased as the number of leukocytes inoculated on to CEF cultures was increased. Although the number of leukocytes inoculated on to cultures in this study was less than that which caused dose-dependent inhibition, subpopulation techniques could concentrate inhibitory cells and thereby alter virus isolation rates from specific cell fractions.
Conversely, other evidence, albeit circumstantial, suggests that results showing low levels of B cell infection accurately reflect differences between the early pathogenesis of SB-1 and HVT-4 compared to that for oncogenic MDV. Chickens infected while immunoincompetent (i.e. in ovo at 8 days of embryogenesis) with HVT-4 or SB-I had fewer cells expressing VIA in lymphoid organs but more in epithelial tissue than those observed in chickens exposed in ovo to oncogenic MDV (Calnek et al., 1980) . Furthermore, SB-1 and HVT~4 replicate well in CEF in contrast to oncogenic MDV strains which replicate best in duck embryo fibroblasts and chicken kidney cells (Purchase et al., 1971b) . These observations corroborate the data presented in this report which suggest that SB-1 and HVT-4 have cell tropisms different from those of oncogenic MDV.
There may also be differences between the cell tropisms of HVT-4 and SB-1, since during the first week after virus exposure cytolysis of Ia-bearing cells reduced the number of p.f.u. recovered from HVT-infected leukocyte suspension by 90 ~ but had no effect on the infectivity of SB-l-infected leukocytes. Furthermore, while HVT was isolated with greater frequency from FeN cell-enriched fractions, SB-1 was isolated with equal frequency from fractions enriched in FcP or FcN leukocytes. The significance of these differences is diminished by the fact that SB-land HVT-4-infected spleens were derived from different strains of chickens. The level of virus infection of lymphoid cells by both SB-I (K. A. Schat, unpublished results) and HVT (Cho, 1977) has been shown to be affected by the strain of chicken. Moreover, since herpesvirus infection has been shown to induce the expression of Ia and Fc receptors (Dorvall et al., 1979; Para et al., 1980) differences between HVT-and SB-l-infected lymphocytes might be secondary to differences in the way these viruses interact with lymphocytes.
Similarities in the characteristics of MDV-transformed lymphoblastoid cell lines (Schat et al., 1982) , JM-10-infected leukocytes collected during the latent phase of infection (after 7 days postexposure) (W. R. Shek et al., unpublished results) and HVT-infected leukocytes collected at 5 days post-exposure are particularly worth noting. These cells were mostly non-phagocytic, FcN, Ia-bearing, IgM-negative non-B lymphocytes. Hirai et al. (1981) detected both the HVT and the MDV genome in a chicken-derived lymphoblastoid cell line. These data suggest that the failure of HVT to induce transformation is probably not due to the failure of infection of cells susceptible to transformation. On the other hand, detectable levels of infection of Ia-bearing non-B lymphocytes by SB-1 could not be easily demonstrated.
There were significant differences between the characteristics of cells which were shown to be infected with HVT at 15 days post-exposure compared to those at 5 days post-exposure. These differences included higher buoyant density, greater adherence to EA monolayers and lower expression of surface Ia. It is not known whether this shift in the characteristics of infected cells reflects infection of different lymphocyte subpopulations or changes in the manner in which HVT interacts with lymphocytes.
A comparison of the characteristics of cells infected with SB-1 at 6 and 7 days post-exposure to those at 14 days post-exposure produced no clear differences. Although, at 14 days post-exposure the percentage of infectivity associated with lymphocytes that had surface Ia and IgM was increased compared to that at 7 days post-exposure. Low level infection of B cells by SB-1 is consistent with the finding by Calnek et al. (1981 a) that the infectivity of SB-l-infected leukocyte suspensions was reduced after treatment with rabbit anti-bursal-ceU serum and complement.
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